Optimal use of dobutamine stress for the detection and evaluation of coronary artery disease: Combination with echocardiography or scintigraphy, or both?  by Marwick, Thomas et al.
Existing comparisons of exercise echoca 
perfusion scintigraphy ave shown them to 
levels of accuracy iIn the diagnosis ofcoronary artery disease 
(L-5). In patients who cannot exercise, the same appears to 
be true of dobutamine stress echocardiography and perfu- 
sion scintigraphy (61, although the latter appears to be 
significantly more accurate if vasodilator stressors are used 
(6-8). To date, however, no study has identified particular 
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subgroups that are best studie 
, of both. 
d s~~rnax~rnz~ tests 
se conditions thd n in 
volving smaller numbers of patients. 
no~i~vasive studies enable an assess- 
ment of the extent of ischemia s well as its diagnosis, the 
ability of fhese techniques to edicF the extent of coronas 
disease has not been 
patient subgroups and to determine whether a selective 
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Figure 1, Angiographic s ore of extent of coronary artery disease. 
)n each of 1 I coronary segments, a stenosis score is multiplied by a 
correction factor (reflecting the relative size of the vessel) and the - --____,* resulting scores are summed. Cach score is expressed as a ~CI~CIIL 
of the maximal score in that patient ( o compensate for differences in 
maximc! scores due ta variations incoronary anatomy). For exam- 
ple, in a patient with 75% stenoses inthe proximai r ght coronary 
and proximal circumflex arteries, the individual scores would be 3 
(1 X 3) and 7.5 (2.5 X 3), respectively, totaling 10.5 (15%) of a 
possible total score of 72, assuming that all branches are large 
enough to justify the maximai score. 
combination f both techniques could enhance the accuracy 
of one approach alone. 
Falle~t sektion. Fat nting for diagnostic coro- 
nary angiography were prospectively recruited into the 
study over a IZmonth period if they had no historical or 
electrocardiographic (ECG) evidence of previous myocar- 
dial infarcticm. After the exclusion of those with unstable 
na, malignant arrhythmias, cardiomyopathy, severe val- 
vuiar disease or severe hypertension (systolic pressure 
>200 mm Hg, diastolic pressure >I20 mm Hg), 217 patients 
consented to undergo dobutamine stress testing with both 
echocardiography and perfu& scintigraphy in a protocol 
approved by the Bnstitutional Review Board. This group 
comprised 156 men and 61 women, aged 58 IT IO years. 
Typical angina was present in 142 (65%); the remaining 75 
patients had symptoms sufficiently suggestive of coronclry 
artery disease to warrant angiognphy. The pretest grobabil- 
ity of disease, calculated for each patient on the basis of age, 
gender and the clinical history (9), was 54 5 28%. An 
intermediate level (20% to 80%) of pretest probability was 
present in 131 patients and 46 had a high (>80%) and 40 had 
a low (<20%) pretest probability ofcoronary artery disease. 
Coronary arteriography. Coronary arteriography was 
performed using the Judkins technique in all patients. All 
films were read by experienced observers, one of whom 
quantitated coronary stenoses by manual traci 
surement in as close as possible P.S orthogo 
using a technique previously validated w 
assisted quantitative angiograpb (10). Significant disease 
[identified by >5O% diameter st osis in a major epicardial 
coronary artery) was present in 142 patients, of whom 68 had 
single-vessel disease (defined by MO% stenoses co 
one coronary iVttXy or its major bralackes, or 
remaining patients without significant disease 
normal coronar’y arteries (n = 66) or <50% steno 
A modification of the Gensini score (I I) was used to 
reflect he extent of the stenoses. Total scores were obtained 
from the sum 01 1 I regional scores derived from the product 
of stelnosis 143catiors stenosis dimension ~orn~o~~~ts. 
Points allocated for ses (0 to 4) in different segments 
were weighted to reflect proximal or distal ocation in the 
coronary tree; to co.Vect for variations incoronary anatomy, 
this weighting could be modified (Fig. I). To eusure compa- 
rability among patients, the score was expressed as a percent 
of the maximal possible score for the coronary anatumy in 
ea tient . 
utamine stress. Patients underwent s ress testing dur- 
ing the hospital admission for cardiac atheterization. Al-
though they were advised to avoid antianginal therapy on the 
day of the test, 42 took beta-adrenoreceptor antagonists and 
55 took nitrates or calcium antagonists, or both; the protocol 
was performed as planned in these situations to correspond 
to the equivalent clinical circumstance. Before the test was 
started, a clinical history was taken by one investigator to
calculate the pretest probability of disease (9). After routine 
preparation, a rest ECG aud echocardiogram were per- 
formed, intravenous access was secured and dobutamine 
was infused in 3-min dose increments from 5 to 40 &kg per 
min under continuous EC6 and echocardiographic monitor- 
ing (12,131. The test was concluded after achievement of the 
peak dose or earlier if the paknt developed severe ischemia 
(either sever& angina or severe impairment ofleft ventricular 
function) or intolerable side effects. Thzse “submaximaP’ 
doses were caused by hypertension (systoiic pressure 
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for all subjects. 
images were interprete ~a~i~at~ve~y in ac ~~~a~ce with 
previous guidehnes (14) by experienced observers who bad 
no knowledge of the a~giogra~b~c, sci~t~gra~b~c and clinical 
data. A normal response was defined y a homogeneous 
enba~ceme~t in contractility with stress. Ischem!a was iden- 
tified by a stress-induced wall motion d-m-mality, iddkg 
failure to improve wall moti 
responses to maximal stress. 
akinesia nd dyskinesia t rest 
bypokinesia atrest in normal myoc 
were interpreted as normal if they wed improved func- 
tion with dobutamine and ab 
Regional function was inte 
ments (at basal, midventric 
septum; _&era], anterior and inferior walls; and basal and 
midventricular levels of the anteroseptal nd 
walls). These were combined to reflect he territories ofthe 
coronary arteries as previously described (1.5); the anterior, 
apical, septal and anternsepkl walls were ascribed to the left 
; the postsri~r and lateral to the left 
mferior and basal septal segments othe 
right coroonary artery. An extent score was calculated from 
the number of segments demonstrating abnormal regional 
fur+n ,W V,E, expressed as a percent of the visible segments 
(usualiy all 16). Finally, echocardiographic images were 
interpreted for the presence of left ventricular hypertrophy 
(defined by diastolic wall thickness r12 mm in the paraster- 
nai long-axis view). 
ween stress a 
the and negative predictive accur 
ecboca~diogra~b:~ and tecb~eti~~ 
sensitivity and for a negative test, specificityl(l -‘- sensitivi- 
ty). These values and robabil~ty of disease were 
ed to cakuiate the 
ayes theorem. The 
expressed as Imean value + SD and camp 
t test; unpaired ata were compared with a 
or without Yates correction) or Fisher exac 
8n the sample size. esults of the wall motion and ~e~us~o 
defect extent scores were co pared with the ao~o~a~bic 
scores in a linear egression analysis. 
tamme mcreas 
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Ta$k 1. Distribution f Patients With and Without Significant 
Coronary Ark-y Disease (CAD) With Positive (Pos) or Negative 
(Neg) Findings by Electrocardiographic andChest Pain Critetia 
(ECG), Stress Echocardiography (Echo) and Perfusion 
Scintigraphy (Mibi-SPECT) After Dobutamine Stress 
ECG Echo Mibi-SPEE 
POS Wz Pos Neg Pos Neg 
Patients with CAD 14 68 102 40 iO8 34 
(n = 142) 
Patients without CAD 24 s1 13 62 25 50 
(n = 75) 
coronary artery disease and an interpretable ECG and a 
specificity of 94%. Use of either ST segment changes or 
chest pain, or both, gave a sensitivity of52%, a specificity of
67% and an overall accuracy of 57%. 
Significant side effects were experienced by 84 patients 
(39%j, arid i:12 L~JI vIIDa .-.* . .._.__ . A--* -* t-ninnted hefore peak dose in 64 
patients (29%). The most frequent side effect was hypoten- 
sion (n = 36), most commonly asymptomatic (in32 patients). 
Arrhythmias precipitated conclusion of the test in eight 
patients (one with nonsustained ventricular tachycardia, 
three with complex ventricular extrasystk and five with 
supraventricular tzhyarrhythmias). Other side effects in- 
cluded hypertension ( = 9), dyspnea (n = 7). vagal reac- 
tions (n = 2) and anxiety (n = 2). The high incidence of side 
effects was attributable in part o the inclusion of ischemia as 
an end point o&y in the presence of severe angina or 
extensive l ft ventricular dysfunction. Milder &hernia was 
present in 33 of the 64 patients before the onset of side 
effects, so 31 patients (14%) had a nondiagnostic e hocar- 
diogram due to submaximal stress. 
Detection of “signi~cant” coronary artery disease. The 
numbers of patients with and without coronary artery dis- 
ease with a positive or negative dobutamine stress ECG 
result (including angina) echocardiography and scintigraphy 
are summarized in Table 1. One hundred forty-two patients 
had significant (~50% diameter) stenoses; $02 were identi- 
fied by dobutamine chocardiography (sensitivity 72%), 
compared with 108 by dobutamine t chnetium-99m sesta- 
mibi perfusion scintigraphy (sensitivity 76%, p = NS). Both 
imaging techniques (Fig. 2) were more sensitive than dobu- 
tamine ECG (sensitivity 52%, p < 0.001). In 75 patients with 
mild or no coronary artery disease, the specificity of echo- 
cardiography and scintigraphy was, respectively, 83% and 
67% (p = 0.05); the former (but not the latter) was more 
specific than dobutamine lectiocardiography (specificity 
68% p = 0.02). The overall accuracy of dobutamine echo- 
cardiography, scintigraphy and electrocardingraphy were 
76% 73% and 57%, respectively (p = NS). The predictive 
value of the I!5 positive dobutamine chocardiographic 
results was 89%, compared with 81% for the $33 positive 
dobutamine scintigraphic results (p = NS); the respective 
predictive values of a negative chocardiographic and scin- 
tigraphic result were 59% and 60%. Moreover, the odds 
60 
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Figure 2. Results of d0bMtarnj~e (Db) stress technetiuul-99m s&a- 
mibi perfusion scintigraphy ( I), ecbocard~ogra~~y ( 
electrocardiographic (ECG) changes or angina (pain) for the diag- 
nosis of coronary artery disease. IVD = sensitivity in those with 
single-vessei disease; MVD = sensitivity irr patierds with muhives- 
sel disease; Sens = overall sensitivity; Spec = specificity. 
ratios f~i a ixzifi~ echocardiogra (0.24) and scintigram 
(0.43) were similar, as were the odds ratios for a negative 
echocardiogram (2.96) and a negative scintigram (2.30). 
Seventy-four patients had coronary stenoses i 
vessels. In this group, dobutamine echocardiogra~by hada 
sensitivity of 77% and scintigraphy bad a sensitivity of 78% 
(p = NS); both tests were more sensitive than dob~tamine 
ECG (sensitivity SO%, p < O.Wij. Neither the sensitivity of 
Stress echocardiography no; that of perfusion scintigraphy 
er in mu!tivessel than in single-vessel 
ients with singlovessel disease, tech- 
netium-99m stint hy had a slightly greater sensitivity 
than that of dobutamine echocardiography (74% vs. 66%. 
P = NS) and only scintigraphy was more sensitive than 
dobutamine electrocardiography in &is group (74% vs. 54%” 
P = 0 003). Neither test was found to be superior on a 
regional basis; in 34 patients with only left anterior descend- 
ing territory disease, the sensitivity ofechocardiography was 
62%, compared with 76% by scintigraphy (p= NS) and in 34 
with only left circumflex or right coronary artery disease, 
both tests had a sensitivity of 71%. 
Using the presence of ~70% stenosis as the determinant 
of significant disease, chocardiography had a sensitivity of 
73% in the 135 patients with significant coronary artery 
disease, a specificity of 79% and an accuracy of 75%. The 
respective values for scintigraphy were 77% (p = NS), 65% 
(p = 0.05) and 72% (p = 
Classification into hig low and int~r~~d~ate risk scab- 
groups. ‘The posttest proba.bility of coronary artery disease 
was used to define three subgroups at high (>80%), inter- 
mediate (20-80%) and low probability (<2O%j of disease. 
y application ofBayes theorem, echocardiography defined 
139 patients (64%) as being in the high or low probability 
groups, compa,red with 110 (51%) studied b;i scintigraphy 
Ip = O.OOS), thus leaving more patients in the intermediate 
probability group after scintigraphy. The accuracy of pre- 
dicting coronary disease in the high probability group and 
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Figure 4. Specificity ofdobutamine stress echocardiography (2DEI 
and perfusion scintigraphy with technetium-99m sestami”oi (MIBI- 
SPECT) in patients with left ventricular hypertrophy (LVN) or left 
bundle branch block (LBBB) compared with that in the remaining 
patients with no coronary artery disease and without hese abnor- 
malities. 
results for either test. Exclusion of 31 dobutamifie echocar- 
diagrams and 29 dobutamine scintigrams a nondiagnostic (a 
negative t st result in the setting of submaximal stress) led to 
their espective s nsitivities increasing to82% and 83%, with 
specificities of19% and 57%. 
Table 2 also shows a significantly increased prevalence of
false negative results by both techniques in women. This 
probably reflects the presence ofa milder degree of coronary 
artery disease in women; 10 of the 13 women with false 
negative chocardiographic findings and 9 of 13 with false 
negative scintigraphic results had single-vessel disease. 
Thus, examination of the sensitivity of echocardiography 
(76%) and scintigraphy (81%) in men slightly exceeded the 
results for the overall group. The same was true with respect 
to the specificity of echocardiography (88%) and scintigra- 
phy (74%) in men. 
The only other significant correlate was a lower preva- 
%ence of ST segment depression among those with false 
negative scintigraphic results-a manifestation f less severe 
isch: nlia in this group. The fact that this finding was not a 
significant correlate of false negative echocardiograms ay 
imply that the latter events may be related to other factors 
(suci? as image quality), as much as to the absence of 
ischemia. 
Csrrelates of false positive results. Dobutamine stress 
echo::ardiography was significantly more specific than dob- 
utanriae perfusion scintigraphy in all 75 patients with ~50% 
stenoses (Fig. 2). The false positive scintigrams were not 
attributable to soft tissue attenuation; of the 25 studies with 
false positive findings, only 1 showed arest perfusion defect 
and 10 showed a combination $f rest and stress defects, 
They were also not clearly attributable to mi!d (“subsignif- 
icant”) coronary lesions; in 66 patients with no stenoses, 
echocardiography had a specificity of 82%, compared with 
68% by petiusion imaging. Among the nine patients with 
“nonslgnii:Lc;ar&’ stenoses, the respective specificities were 
8% and 56%. 
The difference in echocardiographic and sci~tig~a 
specificity was particularly p~o~o~~ced in the 17 pat 
with left ventricular hy~ertrop~y but without core 
tery disease, in whom the specificity of echocardi 
(94%) was significantly greater than that of scintigra 
(59%, p = 0.02). A similar d,Bference was found between the 
specificity of echocardiography (67%) and that of scintigra- 
phy (17%), in six patients with left bundle branch block 
although the number of patients in t subgroup revented 
this difference from reaching statisti significance. Classi- 
fying the patients with <50% stenosis into s 
and without hese a Fl~~~~~i~~es (Fig. 4),it is 
the lower specificit nf doblltamine scintigrap 
attributable tothe false positive results associated with left 
ventricular hypertrophy and left bundle branch bU 
deed, scintlgraphy in this gro 
specificity than that of scintigr 
abnormalities (p = 0.05), as well as lower specificity than 
that of ec~ocardiogra~hy (p = 0.02). oreover Table 2 
shows that the superior specificity of echocar 
these patients i  not achieved at the cost of c 
the dobutamine stress echocardiograms; thevalues of sen- 
sitivity and specificity using four combined approaches an 
compared inFigure 5. The first combined approach isthe use 
of both tests in all patients. This maximizes the sensitivity 
(89%%), but combines the false positive results of each 
method (specificity 52%). A more focused use or” ccintigra- 
phy, in the 102 patients with negative chocardiographic 
findings, produces the same results with fewer scintigrams, 
even though this option requires on-line interpretation. 
The third alternative is to use echocardiography as the 
preliminary test, combining with technetium-99m sestamibi 
perfusion scintigraphy in those undergoing submaximal 
stress, except hose with left ventricular hypertrophy and 
left bundle branch block. This limits the number of scinti- 
grams (n = 64) and gives a high sensitivity withou! compro- 
mising specificity to the same extent. Finally, the use of 
scintigraphy only in those with negative submaximal dobu- 
tamine echocardiographic findings may further limit the 
number of required studies (n = 30) while at the same time 
increasing the sensitivity of dobutamine echocardiography 
alone. However, none of these combinations significantly 
enhances th: overall accuracy of dobutamine echocardiog- 
raphy alone 
Among 40 patients with a low probability of disease, 
stenoses weye present in 15. In this group, echocardiography 
and perfusion imaging had a respective sensitivity of 54% 
and 85% (p = NS), specificity of 85% and i8% (p = NS) and 
accuracy of 78% and 80% (p = NS). In the 46 patients at high 
risk of coronary artery disease, echocardialgraphy andscin- 
tigraphy had a respective sensitivity of 34% and 80% (p = 
NS), specificity of 100% and 0% and accuracy of 87% and 
76% (p = NS). 
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concot-dance of dob~ta~~~e eckoc 
sion scintig~a~b~c mutts ret?ects 
account for the higher sensitivity of perfusion imaging in the 
situation of subtnaximal stress aud er coronary disease. 
are concordant wit mea- 
ow by Fung et al. ental 
model. 
Although the relation between echoca~diography and
scintigraphy reported in this study is concordant with under- 
tying principles of the tests, the accuracy levels are differeut 
from those recently reported. The Power sensitivity of dobu- 
taelsle ecbocardio~~a~hy ma  relate to patient selection. 
Sawala et al. (12) defined the safety and e 
tec~~i¶~e, finding a sensitivity of 89% for the detection of 
>50% stenoses in35 patients with a normal rest echocardio- 
gram and a speciticity of 85%. However, in contrast to our 
use of angiography in all patients undergoing dobutamine 
echocardiography, the103 patients in the iatter study were 
selected for angiography from a total of 202 undergoing the 
ss in a controlled 
. 
the test and 12% bad noudia 
ies used t~la~~~~~n-2~~, 
soon after stress aud 
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tid influence of postdobutamine hypokinesia s avoided by 
the performance of technetium99m Sestamibi imaging ‘I it? 
2 h after the stress. Finally, the lower scintigraphic specific- 
ity evident in our series probably reflects the study of a 
luger and unselected group, including patients with left 
ventricular hypertrophy and left bundle branch block. 
off&e negative and false p&tie resu!ts. False 
negative dobutamine chocardiographic results correlate 
with milder degrees of coronary artery disease. This rela- 
tion, which is also found with exercise chocardiography 
(22), implies that patients with coronary artery disease but 
false negative results on stress echocardiography may fol- 
low a benign clinical course--a contention supported by 
follow-up studies (24). This association probably also ex- 
plains the higher incidence of false negative results in 
women, who had less extensive co#;onary disease in our 
series. 
The association of erroneous results with pretest or test 
variables may be of more practical clinical value. Such 
correlations may provide the means to select patients for 
echocardiographic or scintigraphic imaging, modify the in- 
terpretation f results or even permit he selective use of 
combined imaging approaches. In this respect, the most 
pertinent correlate of false negative dobutamine echocardio- 
graphic results was the performance of a “submaxima!” test 
(in which the stress was limited by side effects). Interes;- 
ingly, a recent study (25) of dobutamine echocardiography 
using a lower maximal dose (albeit in longer stages) showed 
lower levels of sensitivity than those discussed here. This 
effect of submaximal doses may be analogous to false 
negative findings with submaximal exercise stress (143, al- 
though the latter is more readily defined on the basis of 
blunted physiologic responses, which were less predictive in 
this series. False negative findings also weakly correlated 
with beta-adrenoceptor blocker therapy on the day of the 
test. Although false negative scintigraphic results showed 
some association with these variables, this was less marked 
than with echocardiography and failed to reach statistical 
significance. The implications of these findings are that 
negative submaximal dobutamine echocardiographic results 
should be classified as nondiagnostic and that beta- 
adrenoceptor antagonists should be withheld if possible on 
the day of dobutamine stress testing. In these circumstances, 
there may also be a role for the combination ofscintigraphy 
with echocardiography. The combination of atropine with 
dobutamine stress was recently reported (26) to circumvent 
the problems posed by beta-blockade and is another alter- 
native. 
In contrast to false negative r sults, no clear correlates of
false positive dobutamine echocardiographic findings were 
discernible. The major sources of false positive scintigraphic 
data were patients with left ventricular hypertrophy and left 
bundle branch block, which are recognized to be problem- 
atic areas with perfusion scintigraphy (27,28). Left venttic- 
uh hypefirophy has been previously associated with higher 
values of specificity at perfusion scintigraphy (29). Our 
preach in all patients doubles the use of resources with little 
benefit; it increases the sensitivity to 89% but combines the 
false positive results of both techni ues, so that the overall 
possible to combine 
echocardiogra~hic test 
negative; this approac 
circumstances when a sensitive test is r 
because the echocardiograms in this 
preted “off-line,” this 
ign for combined imaging is to 
tests but to avow 
with left ventricular hypertrophy or left bundle branch 
block. This minimally enhances the sensitivity of echocardi- 
ography because scintigrapby is also corn 
maximal tests (though to a lesser degree). 
of patients requiring combined imaging 
using this approach only in p ents with no echocardio- 
graphic evidence of ischemia. 
efficacy of combined im 
’ ‘fy the expense invo 
sestamibi in patients wit 
maxima! test may be worthwhile. 
diagnosis of coronary artery disease, these techniques are 
also used to evaluate the degree of such disease. Although 
scintigraphy is more sensitive for the correct prediction of 
multivessel disease, its specificity for this problem is less 
than that of echocardiography. Their comparable accuracy 
in this regard is underscored by similar levels of correlation 
between echocardiographic and scintigraphic s ores and the 
angiographic s ore of extent of disease. Thus, neither of the 
two imaging approaches is clearly superior for evaluating the 
extent of coronary disease. 
Conchrsions. The results of this study suggest that dobu- 
tamine stress echocardiography and perfusion scintigraphy 
share comparable a~els of accuracy for the identifying 
coronary artery disease in patients without myocardial in- 
farction. Echocardiography is at a disadvantage for the 
identification f milder degrees of coronary disease, and with 
submaximal stresses, but it is more specific. Th ts appear 
to be equally etYective for the cva~~atio~ (ra than the 
identification) at coronary disease. Finally, in most patients, 
the combi:iation ufechocardiography with scintigraphy does 
not produce asufficient increment in accuracy to justify the 
additional expense of this approach. 
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